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Novel human interleukin 4, expression vectors for human interleukin 4 and transformants 
containing the same. 

The present invention provides novel human interleukin 4 (IL4) having immune-activating effects, which is 
haracterized by (a) a total molecular weight of 17000 to 19000. and (b) a sugar chain molecular weight of 2000 
to 4000; and also provides novel expression vectors for the human iL4 which comprises: (i) a DNA sequence 
gncoding human interleukin 4 at a position downstream from an SV40 early promoter, and (ii) a DNA sequence 
sncoding dihydrofolate reductase at a position downstream from a promoter operating in eukaryotic cells; and 
further provides transformants obtained by transfecting dihydrofolate reductase-defective Chinese hamster ovary 
cells with the expression vector for human IL4. The human IL4 is useful for the treatment and prevention of 
cancer, infections, AIDS, functional immune deficiency etc. 



Xerox Copy Centre 



EP 0 302 429 A1 



NOVEL HUMAN INTERLEUKIN 4, EXPRESSION VECTORS FOR HUMAN INTERLEUKIN 4 AND TRANSFOR- 

MANTS CONTAINING THE SAME 



FIELD OF THE INVENTION 



5 The present invention relates to novel human IL4 having immune-activating effects, novel expression 
vectors for said human IL4 and novel transformants thereof. 



BACKGROUND OF THE INVENTION 

TO 

Interleukin 4 (hereafter "M") is a glycoprotein produced by T lymphocytes when stimulated with lectin, 
phorbol ester or antigen. IL4 has various significant effects on the immune response, such as differentiation 
and proliferation, of B lymphocytes, of T lymphocytes and of mast cells (see Y. Noma et al., Nature , 319 . 
;s 640-646, 1986 (hereafter "Reference A"); F. Lee et al., Proc. Natl. Acad . Sci. USA , 83, 2061-2065, 1986 
(hereafter "Reference B"); E. Severinson et al.. Eur. J. Immunol ., 17, 67-72, 1987 and T. R. Mosmann et al., 
Proc . Natl . Acad . Sci . USA , 83, 5654-5658, 1986). Since IL4 has such strong immune-activating effects, it is 
believed that IL4 is useful for the prevention and treatment of infections. AIDS, cancer, immune deficiency, 
etc. (see R. Fernandez-Botran et al.. Proc . Natl . Acad . Sci . USA . 83. 9689-9693. 1986 and R. Palacios et al- 
so EMBO J.. 6. 91-95. 1987). 

Native~human IL4 can be obtained by treating normal human peripheral blood lymphocytes, malignant 
human T cell lines or human T cell hybridoma with drugs. However, since only a very small amount of 1L4 
is produced by these methods, physical and chemical characteristics (e.g. the total molecular weight, 
molecular weight of the sugar chain, the tsoelectoric point, etc.) of human IL4 per se have not yet been 
25 determined. Further, it has been impossible to obtain a sufficiant amount of purified human IL4 for clinical 
use. Hence, it has been desired to develop a method for preparing large amounts of IL4 by utilizing genetic 
engineering techniques. 

In recent years, the cDNA of mouse IL4 has been cloned (see Reference A and Reference B). Further 
the cDNA of human IL4 has been cloned by using the mouse DNA as probe (see T. Yokota et al., Proc. 

30 Natl . Acad . Sci . USA . 83, 5894-5898. 1986 (hereafter "Reference C")). The nucleotide sequence thereof and 
the expression of human IL4 by culturing monkey cells transfected with the human cDNA, have been 
reported (see Reference C and PCT Patent International publication No. WO 87/02990). Further, a yeast 
expression system for producing human IL4 has been reported (see J. Exp . Med ., 166 . 476. 1987). 
However, IL4 is expressed in monkey cells transiently, and the cells die after producing human IL4. Thus, 

35 the cells used are not available for expression again, and it is necessary to always transfect fresh cells. 
Moreover, a number of DNA vector and a good deal of work are required for transfection. Thus, the method 
using monkey cells is not suitable for supplying enough human IL4 for clinical use. To date, there has been 
no report of an effective expression system for human IL4. 

In order to obtain foreign gene products utilizing genetic engineering techniques, many expression 

40 vectors and hosts for expressing the vector (for example, procaryotic cells such as Escherichia colt. Bacillus 
subtilis , Actinomycetes . Lactobacillus , etc. and eucaryotic cells, such as yeast, fungi, mammalian cells, etc.) 
have ever been found. Recently, it has been observed that it is necessary to select an expression vector 
and a host most suitable for the gene in order to obtain a particular gene product, especially with high 
efficiency as used in commercial production. 

45 

SUMMARY OF THE INVENTION 



so Accordingly, an object of the present invention is to provide large quantities of human IL4 useful for the 
prevention and treatment of infections, AIDS, cancer, immunodeficiency, etc. 

Another object of the present invention is to provide an expression vector for the production of large 
quantities of human IL4. 

Still another object of the present invention is to provide transformants which express large quantities of 
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human IL4. 

The above-described objects of the present invention have been met by a novel human IL4 having 
specific physical and chemical characteristics produced by utilizing an expression vector which comprises a 
DNA sequence encoding human IL4 at a position downstream from an SV40 early promoter, and a DNA 
s sequence encoding dihidrofolate reductase (hereafter "DHFR") at a position downstream from the promoter, 
and by utilizing dihydrofolate reductase- defective Chinese hamster ovary cells (hereafter "CHO cells"), as 
host cells. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 shows the nucleotide sequence of the cDNA of human IL4 and the amino acid sequence 
deduced therefrom. 

is Figure 2 shows construction of the pKCRhIL4-0n expression vector for human IL4. 

Figure 3 shows construction of the pKCRhlL4A-D expression vector for human IL4. 
Figure 4 is a densitometer graph obtained after separating human IL4 by SDS/PAGE. 



20 DETAILED DESCRIPTION OF THE INVENTION 



As a result of continuous research on an IL4 expression system using a mammalian cells as host, an 
expression system with high efficiency has been found in the present invention comprising the combination 
25 of an expression vector containing SV40 early promoter and CHO cells. It has also been found in the 
present invention that by incorporating the gene of DHFR in the expression vector and further by using 
DHFR-defective cells, an expression system with more high efficiency can be obtained. 

Furthermore, it has been confirmed that novel human 114 produced by the expression system of the 
present invention has specific physical and chemical characteristics (e.g. molecular weight of the sugar 
30 chain, etc.). 

Although an expression system using CHO cells as host has been already applied to the expression of 
some biological active proteins, each protein has quite different sugar chain, length of the chain, sugar 
components, etc. These differences are represented by the molecular weight of the sugar chain, etc, as 
shown in Table I below. 

35 

Table I 



Proteins 


molecular weight of 
sugar chain (Kd) 


Interferon"/* 


5 


Erythropoietin 2 ' 


15 


Tissue plasminogen activator (t-PA) 3) 


10 



1) Roger Dijkmans et at.. J. Biol. Chem ., 262 , 2528-2535, 1987 

2) Fu-Kuen Un et at., Proc . Natl . Acad . Set. USA . 82, 7580-7584. 1985 

3) Randal J. Kaufman et al.. Molecular and Cellular Biology . 5. 1750-1759, 1985 



so Accordingly, it can not be said that glycoproteins having sugar chains with the same characteristics are 
produced, when the expression system using CHO cells is applied to the expression of various 
glycoproteins. 

The present invention provides in particular: 

(1) novel human IL4 characterized in that: 

55 (a) the total molecular weight is 17000 to 19000. and 

(b) the molecular weight of the sugar chain is 2000 to 4000; 

(2) a novel expression vector for human IL-4 which comprises: 
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(i) a DNA sequence encoding human IL4 at a position downstream from an SV40 early promoter, 

and 

(ii) a DNA sequence encoding DHFR at a position downstream from a promoter operating in 
eukaryotic cells; 

5 (3) a novel transformant which is obtained by transfecting DHFR-defective CHO cells with the vector 

of (2); and 

(4) a novel human IL4 which is produced by using the transformant of (3) as the host. 
In human IL4, the amino acid sequence of the protein moiety thereof is shown by the following formula: 

MetGtyLeuThrSerGlnleuLeuProProLeuPhePheLeu 
to LeuAlaCysAlaGlyAsnPheValHisGlyHisLysCysAsp 

HeThrLeuGInGlullelleLysThrLeuAsnSerLeuThr 

GtuGlnLysThrLeuCysThrGluLeuThrVaiThrAsplle 

PheAlaAlaSerLysAsnThrThrGluLysGluThrPheCys 

ArgAlaAlaThrValLeuArgGlnPheTyrSerHisHisGlu 
T5 LysAspThrArgCysLeuGlyAlaThrAlaGlnGlnPheHis 

Af-gHisLysGlnLeulIeArgPheLeulysArgLeuAspArg 

AsnLeuTrpGlyLeuAlaGlyLeuAsnSerCysProValLys 

GluAlaAsnGlnSerThrLeuGluAsnPheLeuGluArgLeu 

LysThrlleMetArgGluLysTyrSerLysCysSerSer 
20 (see Reference C). 

It has been confirmed that the human IL4 of the present invention contains 1 29 amino acids from the 
25th amino acid, histidine to the 153rd amino acid, serine, and lacks amino acids from the first amino acid, 
methionine to the 24th amino acid, glycine (see Examples 8 and 9 described hereinafter). 

The sugar chain of the human IL4 of the present invention is quite distinct from that of the human IL4 
25 known to date. 

The molecular weight of the human 1L4 of the present invention is 17 to 19 kd (kilodaltons). The 
molecular weight of only the protein moiety is 14962. Therefore, the difference in molecular weight between 
total human IL4 and the protein moiety,- i.e. 2000 to 4000. preferably 2500 to 3500. is considered to be the 
molecular weight of the sugar chain. 

30 On the other hand, the molecular weight of human IL4 expressed by monkey cells, described in PCT 
Patent International Publication No. WO 87/02990 is 22 kd, and hence that of the sugar chain is considered 
to be about 7 kd. Therefore, it is confirmed that the quantity of the sugar chain bonded to the protein 
moiety in the human IL4 expressed by monkey cells is more than two times that in the human IL4 of the 
present invention. In addition, there is a great difference in molecular weight between the sugar chains of 

35 both human IL4s. 

Furthermore, the molecular weight of human IL4 expressed by yeast is 60 kd and that of the sugar 
chain is considered to be 45 kd. Hence, the molecular weight of the sugar chain of the human IL4 
expressed by yeast is greatly different from that of the present invention. 

The human IL4 of the present invention preferably has a isoelectric point of 8.5 to 10.5. more preferably 
40 9,8 to 10.1. 

More preferably, the human IL4 of the present invention has a sugar chain which comprises at least 
mannose. fucose and galactose as neutral sugars, at least glucosamine as an amino sugar and at least N- 
acetylneuraminic acid as a sialic acid. 

Further, the human IL4 of the present invention preferably has a sugar chain wherein mannose, fucose, 
45 galactose, glucosamine and N-acetylneuraminic acid are contained in amounts of 3.0 to 4.0. 1 .0 to 2.0. 2.5 
to 3.5, 4.5 to 5.5 and 1 .5 to 2.5, mots per total mol of sugar, respectively. 

The human IL4 of the present invention is sufficiently pure, but is not necessarily a single chemical 
compound. The present invention may comprise many homogenous human IL4 having various characteris- 
tics within the scope described above and heterogeneous human IL4 having slightly different sugar chains, 
so The present invention also includes the expression vector for human IL4 and the transformant. 
The expression vector for human IL4, of the present invention may be prepared by tigating: 

(iii) a DNA sequence containing an origin of replication and drug resistance gene in Escherichia coli , 
besides the DNA sequences of (i) and (ii) mentioned above. 

The DNA of human IL4 may be prepared by (1) extracting mRNA from cells being capable of producing 
55 IL4, such as normal human lymphycytes. (2) constructing cDNA by using reverse transcriptase, and. then, 
(3) cloning the cDNA from the obtained cDNA library in Escherichia coli . For example, the desired cDNA 
may be selected from a cDNA library by cross-hybridi2ation using a part of the cDNA of mouse IL4 
(described in Reference A and B) as a probe or by using the biological activities of human IL4 as a screen. 
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Efficient selection is a obtained by using both of the above methods together. It is also possible to select by 
hybridization using a synthetic oligonucleotide having a partial nucleotide sequence of cDNA of human IL4, 
which has already reported (described in Reference C), as probe. 

Recently, it has been reported that a nucleotide sequence rich in adenine (A) and uracil (U) exists in a 

5 non-translated region at the 3 -side of mRNA of lymphokines such as IL4 and that this sequence relates to 
the instability of mRNA itself (see G. Shaw et al., Cell , 46, 659-667, 1986). It is considered by the present 
inventors that in IL4, three groups of the nucleotide sequence shown by "AITTA" (i.e.; from 472nd to 
476th. from 506th to 510th and from 514th to 518th) t correspond to that relating to instability. Therefore, if 
the desired products are considered to be produced more efficiently, host cells are transfected with an IL4 

jo vector wherein the nucleotide sequence for instability has been removed. As a result of a study based on 
these hypotheses, it has been found in the present invention that by removing the entire nucleotide 
sequence existing in the position downstream from the nucleotide sequence signaling for the termination of 
translation of human IL4 (i.e., the nucleotide sequence downstream adenine, the 464th), human IL4 is 
produced several ten times more, as compared with the use of a vector wherein this sequence is not 

is removed. It is the present inventors who- have first confirmed such fact by experiments. Of course, the 
production of IL4 is considered to increase similarly by removing only three groups of the nucleotide 
sequence for instability. 

The. ON A of human IL4 wherein the nucleotide sequence for instability is removed may be prepared by 

(1) cleaving the vector DNA containing the cONA of human IL4 by a restriction enzyme which recognizes a 
20 particular nucleotide sequence existing singly at a position downstream from the nucleotide sequence for 

instability, e.g. Sal I. (2) digesting with a nuclease such as BaJ 31, and .then. (3) cloning the obtained DNA 

fragment into Escherichia colt. 

By using either the DNA wherein at least the nucleotide sequence for instability is or is not removed. 

the purpose of the present invention may be accomplished. The expression "the ONA where at least the 
25 nucleotide sequence for instability is removed" means that three groups of nucleotide sequences shown by 

"ATTTA'* in the 3' non-translated region of the DNA are removed alone or along with some or all of the 

remaining 3' non-translated region. However, it is preferable to use the DNA wherein at least the nucleotide 

sequence for instability is removed. 

As vectors for expressing human IL4 in a mammalian cell, any vectors containing an SV40 early 
30 promoter may be used. Examples of such vectors are pSV2 vector (see R. C. Mulligan et al.. Science . 209 , 

1422-1427. 1980) and pKCR»H 2 vector (see K. O'Hare et al., Proc . Natl . Acad . Set.. USA . 78. 1527-1531. 

1981), pKCR»H 2 vector is preferred. 

pKCR«H 2 vector has a splicing sequence and polyadenylation sequence, both derived from the gene of 

£-globin, besides an SV40 early promoter. Therefore, it is suitable for the expression of the desired product 
35 in mammalian cells. Furthermore, this vector has an origin of replication in Escherichia coli and an ampicillin 

resistance gene as a selection marker, in order to enable the replication in Escherichia coli . Hence, pure 

vector DNA may be prepared in quantity by using Escherichia Coli . 

The DHFR gene may be prepared by the method known (see R. J. Kaufman et al., Molecular and ' 

Cellular Biology , 2. 1304-1319. 1982). As promoters for the expression of the DHFR gene, any promoters 
**o operating in eukaryotic cells, such as an SV40 early promoter, metallothionein gene promoter, adenovirus 

gene promoter, retrovirus gene promoter etc. may be used. 

By combining three DNA sequences having above-mentioned features, the expression vector for human 

IL4 may be prepared, and the preparation may be carried out by conventional methods well-known to those 

skilled in the art (see T. Maniatis et al., Molecular Cloning . Cold Spring Harbor Laboratory, 1982). 
45 Dihydrofolate reductase-defective Chinese hamster ovary cells (hereafter "CHO dhfr- cells") for the 

transfection of the expression vector for human IL4 are described in G. Urlaub et al., Proc . Natl . Acad . Sci . 

USA . 77. 4216-4220, 1980. The transfection of the vector DNA into CHO dhfr- cells may be carried out by 

methods known, for example, by the calcium phosphate method (described in F. L. Graham et al.. Virology , 

54, 536-539. 1973). 

so The above cells of the present invention, in which the expression vector was transfected. may be 
selected by utilizing the property that the .transformant can grow even in a culture medium for selection in 
which the parent CHO dhfr~ cells die for lack of thymidine and hypoxanthine. 

The transformant in which the OHFR gene is amplified by the action of an antagonistic inhibitory agent 
for DHFR may be easily distinguished from that in which DHFR gene is not amplified, because the former 
55 can grow in a culture medium containing an antagonistic inhibitory agent for DHFR, e.g. methotrexate. 

One of the transformants of the present invention obtained in this way. which was named CHO-B91 
cells, has been deposited at the Institute for Fermentation, Osaka. Japan (IFO) with deposit No. IFO 50137 
and deposited at the Fermentation Research Institute. Ibaraki, Japan (FRI) with deposit No. BP-1752. 
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The transformant of the present invention, which produces human il4 efficiently and in quantity, may be 
cultured in a conventional culture medium (for example, a-MEM containing 10%(v/v) fetal bovine serum) in 
the presence or absence of methotrexate. The desired protein, secreted into the culture medium, may be 
purified by conventional methods, for example salting-out techniques, ion-exchange chromatograpy, gel* 
5 filtration methods, hydrophobic column chromatograpy, affinity chromatograpy. etc. 

The human 1L4 obtained by the present invention improves the immune response and hence is useful 
f for the treatment and prevention of diseases which require such improvement, for example cancer, 
| infections. AIDS, functional immune deficiency, etc. The suitable dose may vary with the conditions of 
' disease, age, sex and body weight, of the subject. For example, a suitable dosage is between 0.1 ug to 1 
to i mg for intravenous administration. 

' The stimulatory activity on human lymphocyte growth was used as an indication of immune-activating 
effects of human IL4 in the present invention. The stimulatory activity on human lymphocyte growth was 
measured by the following method. 

Lymphocytes prepared from human peripheral blood were suspended in the culture medium (RPMI- 
is 1640 containing 10%(v/v) fetal bovine serum and 5 x 10"^ M 2-mercaptoethanol) containing phytohemag- 
glutinin (10 ug/ml), and cultured for 4 to 6 days at 37* C in the presence of 5% C0 2 . The cultured 
lymphocytes were washed with the culture medium (more than three times), and 5 x 10*- lymphocytes thus 
obtained were again suspended in 200 ul of the culture medium. After adding a test sample therein, the 
suspension was further cultured for three days. It was pulsed with tritium labeled thymidine (0.25 
20 uCi/culture) for 1 2 hours before termination of culturing. Then, the incorporation of thymidine into the high 
molecular fraction were measured by a liquid scintillation counter. The relative activity measured was 2.5 - 
10 x 10 s U/mg of protein. 

Furthermore, antibody against human IL4 may be prepared by using human IL4 of the present invention 
as an antigen, and receptors of human IL4 can be isolated and purified by using the human IL4 as a ligand. 
25 The following Examples illustrate the present invention in detail, but are in no way intended to limit the 
scope of the preent invention. 

Example 1 

30 



Preparation of human IL4 cDNA 

35 



(i) Separation of mRNA for human 1L4 

40 Human peripheral blood lymphocytes were suspended in RPMI1640 medium supplemented with 10%- 
(v/v) fetal bovine serum (hereafter "FBS"), 5x10~ 5 M of 2-mercaptoethanot and 1 ug/ml of phorbol-12- 
mylistate-13-acetate (hereafter "PMA"), and then incubated at 37* C in 5% CO2 for 12 hrs. 

The cultured lymphocytes were washed with RPMI 1640 supplemented with I0%(v/v) FBS twice to 
remove PMA and resuspended in the same medium which contained 3 ug/ml of Concanavalin A (hereafter 

4$ "Con-A") to induce IL-4. After 6 hrs induction, RNA was extracted from 6x10 s of these lymphocytes using 
the guanidiumthiocyanate method (see Chivgwin, J.M.. Przybyla, A.E., MacDonald, R.J. and Ruttev. W.J., 
Biochemistry , 18. 5294, 1979) and subsequently purified with an oligo(dT) cellulose column to yield 89 ug 
of mRNA containing poly A* •fraction. 

An aliquot of mRNA obtained above was micro-injected into Xenopus taevis oocytes, which were 

50 incubated in modified Barth's medium (Colman, A., Transcription and Translation - a practical approach, pp 
291; edited by Hames, B.D. and Higgins. S.J.; IRL Press 1984) at STc for 36 hr. 

The biological activity for human IL4 produced threrein was examined by the activation human 
peripheral blood lymphocytes and human tonsilar B-lymphocytes as follows: human peripheral blood 
lymphocytes were cultured in RPMI-1640 supplemented with 10%(v/v) FBS, SxtO" 5 M of 2-mercap- 

55 toethanol and 10 ug/ml of phytohemagglutinin, at 37* C in 5% C0 2 for four to six days. These lymphocytes 
were washed (over three times) with medium and 5x10* cells were resuspended into 200 ul of medium 
which contained the sample to be examined. The incubation was continued for additional three days. During 
the final 12 hrs, the cells were pulse-labeled with [ 3 H]-thymidine (0.25 uCi/culture) to measure the 
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incorporation of the radioactivity into a high molecular weight fraction of the cells. Also, human lymphocytes 
prepared from human tonsils were purified using the rosetta formation using 2-aminoethylisothiouronium 
bromide treated sheep red blood cells (SRBC) to remove T lymphocytes. The purified B-lymphocytes 
obtained were incubated in RPMM640 supplemented with 10%(v/v) FBS, 5X10* 5 M of 2-mercaptoethanol 

s and 5 ug/ml of anti-IgM antibody bound glass beads, at 37* C in 5% CO? for two to three days. Anti-IgM 
antibody bound beads were removed by density gradient centrifugation using lymphoprep (trade name, 
product of Nyegaard Inc.). B-lymphocytes were washed with the medium and then 5x10* cells were 
resuspended in 200 ul of medium each. Sample supernatants were added into this cell suspension and the 
mixture was allowed to incubate for the additional two days. The activity was measued by pH]-thymidine 

to incorporation as described above. 



(ti) Preparation of cONA library 

The cloning plasmid pCDVi-PL (described in Reference A) was digested with the restriction enzyme 
Kpnl. To the 3 -ends of this fragment, an oligo dT chain, average of 45 bases, was added with terminal 
deoxy nucleotidyl transferase. This fragment was digested with EcoRI and the larger fragment was recov- 
ered from an agarose* gel. Upon passing the larger fragment through an oligo (dA) column, the purified 
vector-primer was obtained. 

Then. Plasmid pSP62-K2 (described in Reference A) was digested with Sacl. To the 3-ends of this 
fragment, an oligo dG chain, average of 14 bases, was added with terminal deoxynucleotidyl transferase. 
This fragment was digested with Hindlll to obtain the linker DNA as the smaller fragment. 

Using six tig of polyA* RNA described in Example a cONA was synthesized with 2 ug of vector 
primer as a template with 10 units of reverse-transcriptase. To the 3 -ends of the cDNA, an oligo dC chain, 
average of 14 bases, was added with terminal transferase. After the primer was digested with Hindlll, the 
cONA fragment was tigated with the linker. The first strand, RNA, was made into ONA with E. Coti . 
polymerase I and R Nase H. E. Coli HB101 was transformed with the plasmid thus obtained to prepare a 
cDNA library which contained about one million independent clones. 

30 

(iii) Preparation of probe 

Plasmid pSP6 KmlL4-374 (described in Reference A), which carried mouse IL4 cDNA, was digested 
with BamHI to excise an about 800 base pair insert. This fragment was further digested with Bal 31 in 40 ul 

3S of reaction mixture which contained 35 ug of ONA, 12 mM of CaCl2, 12 mM of MgCU, 0.2 M of NaCI, 20 
mM of Tris-HCI buffer (pH 8.0), 1 mM of EDTA and 0.3 units of Bal 31, at 30 ' C for 3 min. After the mixture 
was extracted the phenol. DNA was precipitated with ethanol. and then a BamHI linker was ligated with T4- 
ligase. The BamHI treated DNA fragment was inserted in the BamHI site of pUC 18 to prepare a plasmid 
pSP6mlL4A. The 5-fragment obtained with BamHI/Rsal digestion does not contain any part of SP6 vector. 

*o At the same time, the Rsal/Rsal fragment was prepared, which covered most of the protein coding region. 



(iv) Selection of cDNA clone 

45 The cDNA library described above was adhered to GSN filters (product of German Science Inc.) to 
prepare four replica filters. Two fragments prepared from mouse IL4 cDNA, BamHI/Rsal (120 bp) and 
Rsal/Rsal (373 bp) were nick-translated independently to yield highly labeled probes (about 5 x 10 8 
cpm/ug). Two replica filters were hybridized with each probe independently (50mM Tris-HCI buffer (pH 7.8). 
10 mM EDTA, 1M NaCI. 0.1%(w/v) BSA, 0.1%(w/v) polyvinylpyrrolidone, 0.1%(w/v) Ficol 400, 0.1%(w/v) 

so SDS and 50 ug/ml of sonicated salmon sperm DNA) at 37* C for 24hrs. AH of the filters were washed in 
6xSSC (1 xSSC: 0.15 M NaCI and 0.01 5M sodium citrate) and 0.l%(w/v) SDS at ambient temperature for 1 
hr three times and then in 2xSSC. 0.1%w/v) SDS at 37* C for 20 min twice. One filter in each case was 
further washed in 2xSSC. 0.1%(w/v) SDS at 42* C for 20 min. After autoradiography at -80 *C. 258 and 68 
clones showing a relatively strong signal compared with the background were selected from BamHI/Rsal 

55 and Rsal/Rsal hybridization, respectively. About ten colonies around one signal were picked and suspended 
in 100 ul of L-broth. Then the independent ten pools were combined to one pool to yield 26 and 7 pools 
from BamHI/Rsal and Rsal/Rsal hybridization, respectively. Plasmid DNA obtained from each pool was 
digested with Sail and the thus obtained templates were used to prepare 1.5 - 2.5 ug of mRNA with SP6 
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RNA polymerase. After phenol/chloroform treatment and ethanol precipitation. mRNA was dissolved in PBS 
to prepare a 0.3 ug/iil solution. Each mRNA was micro-injected into Xenopus laevis Oocytes. (70 
nt/Oocyte). Twenty Oocytes in each case was incubated in modified Barth's medium (10 ul/Oocyte) at 
20 * C for 30 hrs. and the supernatant was recovered to examine lymphocyte activation. As a result, two 

s pools. #6 and 15 showed biological activity. E. Coli HB101 was transformed with the plasmid prepared from 
pool #6. Three hundred transformants were selected randomly, to prepare thirty new pools. The same 
screening was repeated for the new pools and five pools showed the activity again. Independent twenty 
clones were selected from two positive pools and the screening was repeated. Finally, single clones pSP(6- 
127) and pSP(6-230) were confirmed to yield IL4 activity. The nucleotide sequence was determined by the 

io di-deoxy chain-termination method in both cases. As the result, two glones were obtained carrying 
essentially the same cONA. The nucleotide sequence and the deduced amino acid sequence is shown in 
Figure 1. 

is Example 2 



20 Construction of the expression vector for human IL4 

Plasmid pSP(6-l27) was digested with BamHI to excise a 0.8 Kb fragment which contained the whole 
sequence of human IL4. After treatment with Klenow fragment and Hindlll linker attachment, the DNA was 
inserted into Hindlll site of pKCRH 2 (described in K. O'Hare et al.. Proc. Natl. Acad . Sci. USA. 78. 1527- 

25 1531, 1981) to prepare plasmid pKCRhlL4 (see Figure 2). 

Plasmid pSV2neo (described in R. C. Mulligan et al.. Science . 209 . 1422-1427, 1980) which can 
express the neomycin resistance gene neo in mammalian cells, was digested with Accl and EcoRI to 
prepare a 2.5 Kb fragment, which carried neo gene. The excised neo gene was treated with Klenow 
fragment and a BamHI linker attached. The DNA was then inserted in the BamHI site of plasmid pMDO 

30 which can express dihydrofolate reductase (described in S. K. Kim et al., Cell. 42. 129-138. 1985) to 
prepare plasmid pOneo (see Figure 2). In this plasmid, DHFR and neo are arranged in the same direction. 
pDneo was digested with EcoRI, treated with Klenow fragment and then a Sail linker attached . Upon 
digestion with Sail, a 6.5 Kb fragment purified was inserted into the Sail site of plasmid pKCRhlL4 to obtain 
the expression vector pKCRhlL4-Dn (see Figure 2). 

35 

Example 3 



40 

Construction of the expression vector of human IL4. wherein the sequence relating to the instability of 
mRNA was removed 

45 Plasmid pSP(6-l27) was digested with Sail, and then further digested with 0.26 unites of Bal 31 (3.5 ug 
DNA/40 ul reaction mixture) at 30 'C. Nine ul of a sample solution was mixed in 1 ul of 0.2M EGTA 
throughout the time course(2. 4, 6 and 10 minutes). An aliquot (2 ul) was digested with EcoRI and analyzed 
by PAGE. DNA of one pool which gave rise to a fragment around 100 bp (4 minutes reaction) was treated 
with Klenow fragment, ligated with an Xhol linker, recirculized and then incorporated to DHi to yield about 

so 2,000 transformants. The plasmids were obtained from 120 independent clones and digested with EcoRI 
and Xhol to examine for the excision of the 100 bp fragment. Twenty-eight clones were selected and 
partially sequenced. One of them, plasmid pSP(6-127)A carried no 3'-noncoding sequence, whose TGA 
terminal codon and Xhol linker were directly ligated (see Figure 3). The fact shows that the entire nucleotide 
sequence downstream from the signal sequence for the termination of translation was removed. 

55 Plasmid pSP(6-i27)A was digested with BamHI and Xhol to excise a 0.5 Kb fragment. Upon treatment 
with Klenow fragment and attachment of a Hindlll linker, the IL4 coding region was inserted into the Hindlll 
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site of plasmid pKCRH 2 to obtain plasmid pKCRhll4A (see Figure 3). 

Plasmid pMOO described in Example 2 was digested with EcoRI. treated with Klenow fragment, and a 
Sal! linker attached. The 3.5 Kb of SaJI fragment which contained DHFR gene was then inserted into the 
Sail site of plasmid pKCRhlL4A to obtain the plasmid pKCRhiL4A-D (see Figure 3). 



Example 4 



10 

Preparation of transform ant cells 

The plasmid DNA, pKCRhlL4-Dn, was linearized by Pvul digestion. About 1 x 10 s CHO dhfr cells (G. 
T5 Urlaub et al., Proc . Natl . Acad . Set . USA . 77, 4216-4220, 1980) in a 10 cm dish were transfected with 20 ug 
of the linearized DNA by the calcium phosphate co-precipitation method (F.L Graham et ah. Virology , 54, 
536-539. 1973). 

After 2 days of cultivation in complete medium (aMEM (Row laboratories) containing 10%(v/v) FBS with 
hypoxanthine and thymidine), the cells were subcultured in selection medium (aMEM containing I0%(v/v) 
20 dialyzed FBS (GIBCO) without hypoxanthine and thymidine) at a split ratio of 1 :5. 

After 2 weeks of cultivation, a hundred of colonies out of about thousand were isolated and the 
production level of human IL4 for each clones were measured by growth stimulation of human lymphocytes 
as described above. The results of 10 representative clones, which were relatively well grown, are shown in 
Table II below. 

25 

Table II 



Clone 


human IL4 activity 


No. 


(units/10 6 cells/day) 


A-1 


4 


2 


4 


3 


3 


4 


<1 


5 


4 


6 


4 


7 


5 


8 


10 


9 


4 


10 


7 



CHO 0hfr cells were also transfected with the plasmid DNA. pKCRhll_4A-D, in the same manner and 
grown in selection medium for 2 weeks. A hundred colonies were isolated and the production level of 
human IL4 for each clones was determined. Table lit shows the activities of 10 representative clones, which 
were relatively well grown. 



50 



55 
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Table III 



5 



70 



Clone 


human IL4 activity 


No. 


(units/10 6 ceils/day) 


B-1 


50 


2 


80- 


3 


270 


4 


165 


5 


120 


6 


95 


7 


10 


8 


50 


9 


330 


10 


240 



Human IL4 production in the cells transfected with pKCRhlL4A-D was about 30 fold higher than that in 
the cells transfected with pKCRhlL4-Dn. 

Two clones (clone No. A-8 and -10) from group A and 6 clones (clone No. B-1, -2, -3. -4, -9 and -10) 
from group B were selected and about 7x10 s cells of each clone were placed into a 10 cm disk and 
cultured in the selection medium containing 50 nM of methotrexate (hereafter "MTX") for 2 to 4 weeks. 
After the cells were grown to confluence, the IL4 activity in the medium was assayed as described above. 

IL4 production in clones A- 10 and B-1 was greatly enhanced after MTX treatment, 20 subclones were 
isolated from these clones. 

Enhancement of IL4 production of clone B-9 was not observed by the treatment of 50 nM MTX. Thus, 
the cells were treated in the presence of 200 nM MTX in the same procedure, and 10 subclones were 
isolated. 

The production of human IL4 in 15 representative clones derived from clones A-10, B-1 and B-9 were 
shown in Table IV below. 

Table IV 





MTX resistant 


MTX 


human IL4 activity 


35 


clone No. 


concentration 


(units/10 6 cells/day) 






(nM) 






A- 10-1 


50 


140 




A- 10-2 




250 




A-10-8 




125 


40 


A-10-13 




170 




A-10-15 




190 




B-1 -4 




1900 




B-1 -5 




2450 


45 


B-1 -6 




2100 


B-1-10 




2800 




B-1-14 




1750 




B-9-1 


200 


5500 




B-9-2 


«• 


3900 




8-9-3 




5300 


50 


8-9*4 


n 


2800 




B-9-5 




3700 



These 15 clones continued to produce IL4 in a high level during the subcultivation periods of 2 months. 
55 One of the high producer cell lines, B-9-1, was named as CHO-B91 and has been deposited at the Institute 
for Fermentation, Osaka, Japan (IFO) with deposit No. IFO 50137 and deposited at the Fermentation 
Research Institute. Ibaraki, Japan (FRI) with deposit No. BP- 1752. 
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5 

Culturing CHO cells transfected by the human IL4 expression vector 

Three grams of microcarrier beads (cytodex 3, Pharmacia) were suspended in phosphate buffered 
saline (pH 7.3) (hereafter "PBS(-n and autoclaved in a 1 liter scale microcarrier flask (production by 
w Bellco). Then, the PBS(-) was removed and 400 ml of serum free medium (SFM101. Nissui Seiyaku) 
containing 1%(v/v) fetal bovine serum (FBS), 7x10 7 CHO-B91 cells (prepared in Example 4) was added. 
The medium were stirred for 2 minutes at 20 r.p.m. and stood for 1 hour in 5% CO2 in air at 37* C. The 
cells were attached to microcarrier beads after 4 cycles of this procedure. 

Then, 100 ml of SFM 101 medium containing 1%(v/v) FBS were added into the flask and the cells were 
/5 cultured for 2 days in 5% CO2 in air at 37* C stirring at 20 r.p.m., 500 ml of the same medium were added 
and cultured for another 4 days. 

The cells were grown in a monolayer on the surface of the microcarrier beads and washed with 
SFM101 medium to remove FBS. 

The cells were maintained for another 24 days by feeding fresh medium and harvesting spent medium 
20 every day at 500 ml/day. 



Example 6 

25 



Purification of human IL4 - 

30 ' Twelve liters of the culture supernatants obtained in Example 5 were cooled to 4*C, and acidified by 
adding 120 ml of 10%(v/v) trifluoroacetic acid (hereafter "TFA"). After adding thereto I20g of Sepralyte C*1 
(trade name, prepared by Analytichem International Co.) pre-washed with acetonitrile, the mixture was 
stirred slowly for two hours. The obtained mixture was allowed to stand for 30 minutes and the supernatants 
were removed therefrom to recover the beads on glass filter (3G). The recovered beads were washed with a 

35 total volume of two liters of 30%(v/v) acetonitrile (containing 0.1%(v/v) TFA) several times at 4*C, and then 
washed similarly with the total volume of 400 ml of 50%(v/v) acetonitrile (containing 0.l%.TFA(v/v)) to wash 
out the absorbates. The obtained solution was concentrated under reduced pressure below 40 * C to remove 
the acetonitrile. and was absorbed on cation-exchange column (Mono S. trade name, prepared by 
I Pharmacia Co.) pre-equilibrated with 50 mM phosphate buffer (pH 6.0). The column was washed by adding 

40 j 50 mM phosphate buffer (pH 6.0) for 10 minutes at a flow rate of 2 to 3 ml/min, and then washed by adding 
; 50 mM phosphate buffer (pH 6.0) containing 0.3M sodium chloride until the absorbance (280 urn) become 
\ below 0.1. The desired substance was eluted with 50 mM phosphate buffer (pH 6.0) containing 0.4 M 
sodium chloride as eluent with monitoring by using a Phast System (trade name, prepared by Pharmacia 
Co.) to collect fractions having a molecular weight of 18 to 20 kd. 

45 The collected fractions were diluted ten times with 50 mM phosphate buffer (pH 6.0) and again 
absorbed on cation-exchange column. The column was washed by adding 50 mM phosphate buffer (pH 
6.0) containing 0.3 M sodium chloride until the absorbance (280 urn) became below 0.02. and then the 
NaCI concentration was increased linealy from 0.3 M to 0.5 M over 30 min. The fraction was also monitored 
with UV absorption and sodium dodecylsulf ate/poly acrylamide gelelectrophoresis (hereafter "SDS/PAGE"). 

50 Ammonium sulfate was dissolved in the collected fractions at a final concentration of 1.7 M and the 
solution was absorbed on hydrophobic column chromatography (PhenykSuperose. trade name, prepared 
by Pharmacia Co.) pre-equilibrated with 50 mM phosphate buffer (pH 6.0) containing t.7 M ammonium 
sulfate, and then the concentration of ammonium sulfate was decreased linearly from 1.7 M to 0.0 M over 
60 min. with monitoring by UV absorption and SDS/PAGE to collect fractions having a molecular weight of 

55 18 to 20 kd. Mainly broad fractions at 0.5 to 0.3 M were obtained. Next, the fraction having a single band 
was collected and concentrated by using ultrafiltration (YM-10, trade name, prepared by Amicon Co.) The 
concentrate was separated by column chromatography with Superose 12 (2.6 x 80 cm) pre-equilibrated with 
50 mM phosphate buffer (pH 6.0) to obtain a single broad peak around 0.74 of the column volume. This 
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was concentrated by using ultrafiltration (YM-10) to obtain the final product. 

The concentration of the final product was determined by the color method using bovine serum albumin 
as a standard (prepared by Biorad Co.). The yields were 5 mg. The recovery indicated by biological activity 
was 23% of the first culture supernatants. 



Example 7 



Molecular weight of human IL4 

To the pure IL4 (2 ug) obtained in Example 6. the same amount of loading buffer (250 mM tris 
hydrochloric acid buffer (pH 6.8). 4%(w/v) SDS. 18%(v/v) glycerol, 1.4M 2-mercapjomethanol. 0.01%(w/v) 
bromophenol blue) was admixed. The mixture was heated for three minutes at 100* C ( and then separated 
by using SDS/ PAGE [10 - 20%, 1 mm, slubgel. product of Dai-ichi-Kagaku-Yakuhin]. A single band was 
obserbed by Coomasie Blue staining at 18 kd. This band was reconfirmed by Silver-stain and the purity 
was measured as over 98% by a densitometric scan (CS-910, Shimazu) (see Figure 4). 



25 



Example 8 



Analysis of N-terminai amino acid sequence in human IL4 

The following single sequence was confirmed by using a liquid phase protein sequencer (Model 477A, 
so prepared by Applied Biosystem Co.): 

His-Lys-X-Asp-lle-Thr-Leu-Gln-Glu-lle-lle 

-Lys-Thr-Leu-Asn-Ser-Leu-Thr-Glu-Gln-Lys 

-Thr-Leu-X-Thr-Glu-Leu 

(wherein X corresponds to Cys). 
35 The above N-terminal sequence is completely identical with that of human IL4 obtained by culturing 

COS-7 cells (see Proc . Natl . Acad . Sci ., 83, 5394 (1986)]. The above result shows that the separation of a 

signal peptide between the 24th amino acid, glycine and the 25th amino acid, histidine. both deduced from 

cDNA sequence, was carried out completely. 

40 

Example 9 



Amino acid components in human IL4 

100 ug of the sample were dissolved in 6N hydrochloric acid and 4%(w/v) thioglycollic acid and 
hydrolyzed over 22 hours at 110*C under reduced pressure. The hydrolyzate was analyzed by using an 
amino acid analyzer (Model 835, prepared by Hitachi Co.). The results are shown in Table V below. 
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Table V 



Amino Acids Analysis 




calculated 


observed 


as partic acid and asparagine 


10 


10.3 


threonine 


15 


14.5 


serine 


8 


7.5 


glutamic acid and glutamine 


17 


17.0 


glycine 


3 


3.3 


alanine 


8 


8.5 


valine 


3 


3.2 


cystein 


6 


5.3 


methionine 


1 


1.0 


isoleucine 


6 


5.5 


leucine 


16 


16.4 


tyrosine 


2 


2.1 


phenylalanine 


6 


6.2 


lysine 


12 


12,4 


histidine 


5 


5.2 


arginine 


9 


9.0 


proline 


1 


1.1 


tryptophane 


1 


0.6 


total amino acids 


129 





30 



Example 10 



Sugar Content of human IL4 

The molecular weight of only the protein moiety deduced from the cDNA is 14962. Hence, the 
difference in molecular weight, i.e. about 3000 (about 17%) is considered to be the molecular weight of the 
sugar chain. 



Example _n 



Sugar components of human IL4 



(a) neutral sugar 

To 30 ug of a sample was added 2N trifluoroacetic acid, and the mixture was heated for 6 hours at 
100* C to hydrolyze such. Then, the sample was concentrated under reduced pressure to dryness. The 
obtained solid was dissolved in distilled water to perform HPLC analysis. 

The analysis was carried out by using a TSK-gel sugar AXG column (prepared by Toyo Jozo Co.) in 
0.5M borate buffer (pH 8.7). As a result, it was confirmed that the sample comprises mannose. fucose and 
galactose. 
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(b) amino sugar 

To a sample was added 4N hydrochloric acid and the subsequent procedures were carried out similarly 
to that above for neutral sugar to obtain the sample for analysis. 
5 HPLC analysis was carried out by using a TSK-gel SCX column {prepared by Toyo Jozo Co.) in 0.1 6M 
borate buffer (pH 7.6). As a result, it was confirmed that the sample comprises glucosamine. 



(c) sialic acid 

To a sample was added 0.01 M sulfuric acid, and the mixture was heated for one hour at 80 C to 
hydrolyze such. Then, the sample was concentrated under reduced pressure to dryness. The obtained solid 
was dissolved in distilled water to perform HPLC analysis. 

The analysis was carried out by using a Gelpak C-620-10 (H* form) column (prepared by Hitachi Co.) in 
0.3% phosphoric acid. As a result, it was confirmed that the sample comprises N-acetylneuraminic acid 
(hereafter "NANA"). 

Further, the ratios of each of the sugar components is shown in Teble VI below. 

Table VI 



Mol of sugar 
components/total 
mols of sugar 


mannose 


3.52 


fucose 


1.42 


galactose 


3.01 


glucosamine 


5.06 


NANA 


2.06 



Example 12 



Isolectric point of human IL4 

Chromatofocusing using a Mono P column (HR 5/20, prepared by Pharmacia Co.) was performed by 
using 0.2 mg of a sample. 

25 mM triethylamine buffer (pH 11.0) as a starting condition was changed to 1/45 diluted pharmalyte 8- 
10.3 (pH 8.0. product of Pharmacia). A single peak was eluted at pH 9.96 so that the isoelectric point is 
about pH 10. 



Example 13 



55 



Deqlycosylation of human IL4 

Five ug of a sample (1 mg/ml) were treated at 100* C for 3 minutes with SDS at a final concentration of 
0.5%(w/v) and 0.1 M 2-mercaptoethanol and then reacted for 16 hours at 37* C together with sodium 
phosphate buffer (pH 8.6) at a final concentration of 0.2M, 10 mM 1,10-phenanthroline. 1.25%(v/v) Nonidet 
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P-40 (NP-40), 10 units/ml N-glycanase (prepared by Genzyme Co.). An aliquot was separated by 
SDS/PAGE (20%. 1 mm slubgel). A single band was observed Coomasie blue staining at 15 kd. 

While the invention has been described in detail and with reference to specific embodiments thereof, it 
will be apparent to one skilled in the art that changes and modifications can be made therein without 
5 departing from the spirit and scope thereof. 



Claims 

to 1 . Human interleukin 4 characterized by 

(a) a total molecular weight of 17000 to 19000, and 

(b) a sugar chain molecular weight of 2000 to 4000. 

2. The human interleukin 4 according to claim 1, wherein the sugar chain molecular weight is 2500 to 
3500. 

15 3. The human interleukin 4 according to claim 1 , further characterized by 

(c) an isoelectric point of 8.5 to 10.5. 

4. The human interleukin 4 according to claim 1, wherein the isoelectric point is 9.8 to 10.1. 

5. The human interleukin 4 according to claim 3, further characterized by 

(d) the sugar chain comprising at least mannose, fucose and galactose as neutral sugars. 
20 6. The human interleukin 4 according to claim 3. further characterized by 

(e) the sugar chain comprising at least glucosamine as an amino sugar. 

7. The human interleukin 4 according to claim 3. further characterized by 

(f) the sugar chain comprising at least N-acetylneuraminic acid as a sialic acid. 

8. The human interleukin 4 according to claim 3. further characterized by 

25 (d) the sugar chain comprising at least mannose, fucose and galactose as neutral sugars, 

(e) the sugar chain comprising at least glucosamine as an amino sugar, and 

(f) the sugar chain comprising at least N-acetylneuraminic acid as a sialic acid. 

9. The human interleukin 4 according to claim 8, further characterized by 

(g) mannose, fucose. galactose, glucosamine and N-acetylneuraminic acid being contained in 
30 amounts of 3.0 to 4.0, 1.0 to 2.0, 2.5 to 3.5, 4.5 to 5.5 and 1.5 to 2.5, mols per total mol of sugar, 

repectively. 

10. Human interleukin 4 produced by using as a host, a transformant which is obtained by transfecting 
dihydrofolate reductase-defective Chinese hamster ovary cells with an expression vector for human 
interleukin 4, wherein the expression vector comprises: 

35 (i) a DNA sequence encoding human interleukin 4 at a position downstream from an SV40 early 

promoter, and 

(ii) a DNA sequence encoding dihydrofolate reductase at a position downstream from a promoter 
operating in eukaryotic cells. 

11. The human interleukin 4 according to claim 10. wherein in the expression vector for human 
40 interleukin 4, at least the human interleukin 4 gene nucleotide sequence for instability is removed. 

12. The human interleukin 4 according to claim 10, characterized by 

(a) a total molecular weight of 17000 to 19000. and 

(b) a sugar chain molecular weight of 2000 to 4000. 

13. The human interleukin 4 according to claim 12, further characterized by 
45 (c) an isoelectric point of 8.5 to 10.5. 

14. The human interleukin 4 according to claim 13. further characterized by 

(d) the sugar chain comprising at least mannose, fucose and galactose as neutral sugars. 

15. The human interleukin 4 according to claim 13, further characterized by 

(e) the sugar chain comprising at least glucosamine as an amino sugar, 
so 16. The human interleukin 4 according to claim 13, further characterized by 

(f) the sugar chain comprising at least N-acetylneuraminic acid as a sialic acid. 

17. The human interleukin 4 according to claim 13. further characterized by 

(d) the sugar chain comprising at least mannose. fucose and galactose as neutral sugars. 

(e) the sugar chain comprising at least glucosamine as an amino sugar, and 

55 (f) the sugar chain comprising at least N-acetylneuraminic acid as a sialic acid. 

18. The human interleukin 4 according to claim 17, further characterized by 
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(g) mannose, fucose, galactose, glucosamine and N-acetylneuraminic acid being contained in 
amounts of 3.0 to 4.0, 1.0 to 2.0. 2.5 to 3.5, 4.5 to 5.5 and 1.5 to 2.5. mols per total mot of sugar, 
respectively. 

19. An expression vector for human interleukin 4, which comprises: 

5 (i) a DNA sequence encoding human interleukin 4 at a position downstream from an SV40 early 

promoter and 

(ii) a DNA sequence encoding dihydrofolate reductase at a position downstream from a promoter 
operating in eukaryotic cells. 

20. The expression vector according to claim 19, wherein at least the human interleukin 4 gene 
to nucleotide sequence for instability is removed. 

21 . A transformant which is obtained by transfecting dihydrofolate reductase-defective Chinese hamster 
ovary cells with an expression vector for human interleukin 4, which comprises: 

(i) a DNA sequence encoding human interleukin 4 at a position downstream from an SV40 early 
promoter and 

,5 (ii) a DNA sequence encoding dihydrofolate reductase at a position downstream from a promoter 

operating in eukaryotic cells. 

22. The transformant according to claim 21 , wherein in the expression vector for human interleukin 4, at 
least the human interleukin 4 gene nucleotide sequence for instability is removed. 

20 Claims for the following contracting States: ES. GR 

1 . A process for the production of human interleukin 4 characterized by 

(a) a total molecular weight of 17000 to 19000, and 

(b) a sugar chain molecular weight of 2000 to 4000. 

25 which is characterized by culturing a transformant obtained by transfecting dihydrofolate reductase- 
defective Chinese' hamster ovary cells with an expression vector for human interleukin 4 which comprises: 

(i) a DNA sequence encoding human interleukin 4 at a position downstream from an SV40 early 
promoter and 

(ii) a DNA sequence encoding dihydrofolate reductase at a position downstream from a promoter 
30 operating in eukaryotic cells. 
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Figure 1 



GGATCCCCGGGCGAGCTGGGGGGGGGGGAT 



CGTTAGCTTCTCCTGATAAACTAATTGCCTCACATTGTCACTGCAAATCGACACCTA 



10 20 30 40 



TTA 



50 60 



ATGGGTCTCACCTCCCAACTGCTTCCCCCTCTGTTCTTCCTGCTAGCATGTGCCGGCAAC 
MetGlyLeuThrSerGlnLeuLeuProProLeuPhePheLeuLeuAlaCysAlaGlyAsn 

70 80 90 100 110 120' 

TTTGTCCACGGACACAAGTGCGATATCACCTTACAGGAGATCATCAAAACTTTGAACAGC 
PheValHIsGiyHlsLysCysAsol I eTh r LeuG I n G I u I I e I I eLysThrLeuAsnSer 

130 140 150 160 170 180 

CTCACAGAGCAGAAGACTCTGTGCACCGAGTTGACCGTAACAGACATCTTTGCTGCCTCC 
LeuThrGluGlnLysThrLeuCysThrGluLeuThrValThrAsDl lePheAlaAlaSer 

190 200 210 220 230 240 

AAGAACACAACTGAGAAGGAAACCTTCTGCAGGGCTGCGACTGTGCTCCGGCAGTTCTAC 
LysAsnThrThrGluLysGluThrPheCysArgAlaA laThrVal LeuAroGI nPheTyr 

250 260 270 280 290 300 

AGCCACCATGAGAAGGACACTCGCTGCCTGGGTGCGACTGCACAGCAGTTCCACAGGCAC 
SerHi sHisGluLysASDThrArgCysLeuGI yAlaThrAlaGI nGI nPheHI sAroHis 

' - . 310 320 330 340 350 360 

AAGCAGCTGATCCGATTCCTGAAACGGCTCGACAGGAACCTCTGGGGCCTGGCGGGCTTG 
LysG I nLeu I I eArgphe Leu LysA role uAspArgAsnLeuTrpG , yLe uA I aG I y Leu 

- 370 380 390 400 410 420 

AATTCCTGTCCTGTGAAGGAAGCCAACCAGAGTACGTTGGAAAACTTCTTGGAAAGGCTA 
AsnSerCysProVal LysGluAlaAsnGI HSerThrLeuGluAsnPheLeuGluArgLeu 

• 430 440 450 460 

AAGACGATCATGAGAGAGAAATATTCAAAGTGTTCGAGCTGAATATTTTAATTTATGAGT 
LysThr I I eMe tArgGI ulysTyrSerLysCysSerSer*** 



TTTTGATAGCTTTATTTTTTAAGTATTTATATATTTATAACTCATCATAAAATAAAGTAT 
ATATAGAATCTAAAAAAAAA 
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Figure 2 
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Figure 3 
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Figure 4 
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